Diallel crosses are important to the prediction of the best combinations among different heterotic groups of maize lines. The work objective was to estimate the combining ability among inbred lines from two heterotic groups to predict the best combinations in traits related to tassel and grain yield, conducted in five environments in the southern region. The inbred lines of the two heterotic groups are from the company KSP seeds. The tests were conducted based on crosses with partial diallel, using 15 female parents and male parents 8, 2011/2012 agricultural harvest in five environments in randomized blocks design with three replications. The variables analyzed were tassel length (TL), distance from the last node to the first branch of the tassel (DLN), distance from the flag leaf to the first branch of the tassel (DFL), number of tassel branches (NB), mass thousand grains (MTG) and grains yield (GY). The data were submitted the individual and joint variance analysis, after were realized analyze partial diallel analysis. The additive effects were more important for group II, already to the group I the non-additive effects were more pronounced, for the traits tassel and of yield. The GCA (group I) of lines inbred 15; 4 and 3-4 (group II) are favorable for increasing the grains yield. The crosses promising tassel traits been: 1-3, 2-4, 3-3, 4-4, 7-3,
INTRODUCTION
Corn is one of the most cultivated cereal in the world; mainly due to its diversity of applications, both in food and feed, the crop promotes several agro-industrial complex, with great social and economic importance (Ku et al., 2010) . According to the survey from Conab (2015) for the corn crop 2014/2015, Brazil presented a production of over 78 million tons, being the states of Mato Grosso (23.1%) and Paraná (18.52%) accounted for more than 40% of the national production of corn.
The success of a genetic breeding program is conditioned by the efficient choice of parents, which when crossed produce superior hybrids. In this sense, the diallel crosses have great importance in predicting the best heterotic combinations (Paterniani and Viegas, 1987; Hallauer et al., 2010; Cruz et al., 2012) .
In order to predict the behavior of the parents, the diallel crosses are employed in the study of genetic parameters, in the combining ability and in the gene actions that are involved in the character expression. Thereby, providing crucial information to meet the maximum heterotic expression in combinations (Hallauer et al., 2010) . The use of techniques, such as diallels, which are intended to assist breeders in identifying the parents/lines with higher combining ability in different heterotic groups (partial diallel) are of great importance for the development of elite hybrids, with competitiveness in the market.
The main models of diallel analysis employed are the balanced diallels, where all the possible combinations are performed, the peculiarity of this model is the limitation of working with a large number of parents. The partial diallels involve two heterotic groups of parents, allowing to maximize the information about the study groups with a lower number of crossings, yet the reciprocal effects are generally not estimated, allowing loss of additional information. Circulating diallels are represented in the design by the same number of crossings, but less than p-1, reducing the number of total combinations, however losses of information occur regarding certain hybrid combinations, for being absent. Incomplete diallels are represented by a variable number of crossings, this design is a consequence of combinations losses. In the unbalanced diallels are estimated all hybrid combinations and also the other generations are represented, but in variable frequency due to the unequal number of replicates per treatment (Cruz et al., 2012) .
To Paterniani and Viegas (1987) , the genetic breeding programs have been working with the joint selection of characters and directing attention to plant architecture for increased photosynthetic efficiency and use of photoassimilates. These changes, whether spontaneous or not, have provided changes in the morphological characteristics, especially of the tassel (Neto and Miranda-Filho, 2001 ). Apical structures have priority in the use of available resources, especially when subjected to conditions of stress (Sangoi et al., 2006) . It were also identified, by techniques of biometric analysis in diallel crosses, associations of the tassel characters with characters such as ear height, ear placement, prolificacy, leaf angle, which in turn relate directly with mass of corn kernels (Mickelson et al., 2002; Jung et al., 2007; Andrade and Miranda-Filho, 2008) .
Thus, the morphological characteristics of the tassel Nardino et al. 975
have been gaining more attention from plant breeders in the prediction of crossings of inbred lines for tassel size reduction, due to the increased energy expenditure and the morphological changes associated with other phenotypic characteristics, as well as the gene actions that are involved in the expression of the characters (Neto et al., 1997; Sangoi et al., 2002; Westgate et al., 2003; Edwards, 2011) . Allied with these reasons, this study aimed to estimate the combining ability of maize inbred lines belonging to two heterotic groups by partial diallel analysis, to predict the best combinations, in the characters related to the tassel and grain yield, and identification of predominant gene effects for the characters in five environments.
MATERIALS AND METHODS
The inbred lines of the two heterotic groups used in the diallel crosses are from the breeding program of the company KSP Seeds Ltd., based in the city of Pato Branco -PR. The tests were conducted based on crossings with partial diallel scheme, using 15 (female lineages) and eight (male lineages) from homozygous lines (S9). After performing artificial crosses, the F1 seeds were obtained, which were sown in the 2011/2012 harvest. The sowing of F1 hybrids was conducted in the 2011/2012 harvest in five separate areas of the three states of southern Brazil. In Rio Grande do Sul, the test was conducted in the city of Frederico Westphalen, with the coordinates 27°23'80'' South latitude and 53°25'26 '' West longitude, with 480 m of altitude in the trial site, the region is located in the north of the state and has as main climate features average annual temperature of 18.8°C and average temperature of the coldest month of 13.3°C, with subtemperate, sub-humid type of climate. In Santa Catarina, the test was conducted in the municipality of Itapiranga, situated in the far west of Santa Catarina, with the coordinates 27°10'10 "South latitude and 53°42'44" West longitude, with 206 m of altitude, and temperatures in the coldest month of 13 and 30°C in the hottest month, with average monthly rainfall of 150 mm. In the state of Paraná, the tests were conducted at three sites. In Pato Branco, with the coordinates 26°13'44" South latitude and 52°40'15" West longitude, with 760 m of altitude in the trial place, with average temperature of the hottest month above 22°C, and of the coldest month, 18°C, with humid subtropical climate. Ampére with the coordinates 25°54'65'' South latitude and 53°25'39'' West longitude with 580 m above sea level in the place of the test, with minimum temperature of 13°C and maximum of 29°C, and average monthly rainfall of 170 mm. Clevelândia with the coordinates 26°21'52'' South latitude and 52°28'22'' West longitude, with 860 m of altitude at the site of the test, minimum temperature of 11°C and maximum of 27°C, monthly average rainfall of 170 mm.
In the five environments, the partial diallel was conducted in experimental design of complete blocks with treatments at random, with three replications per location. The experimental unit consisted of two rows of five meters in length, spaced 0.70 m. The sowing lines were marked with no-till system seeder, thus, hybrid seeds from the crosses were sown by hand. Sowing was performed according to the agricultural zoning of each site (September 20 in Frederico Westphalen, September 22 in Itapiranga, September 25 in Pato Branco, September 27 in Clevelândia and September 29 in Ampére). The soil management and cultivation were the same for the five sites, respecting the phenological stages and the requirement of the crop. After emergence and initial establishment of maize, it was held the manual adjustment of the population of the plots to 42 plants per experimental unit, equivalent to 60.000 plants ha -¹. DFL: Distance from the flag leaf to the insertion of the first branch of the tassel. DLN: Length of the last node to the first branch of the tassel. TL: Tassel length. NB: Number of tassel branches. TGW: thousand grain weight. GY: Grain yield. ** Significant at 1% probability of error. ns Non-significant
The evaluated traits were tassel length (TL) in centimeters, distance from the last node of the stem to the first branch of the tassel (DLN) in centimeters, distance from the flag leaf to the first branch of the tassel (DFL) measured in the stem at the height of collar of the flag leaf to the insertion of the first branch in the tassel in centimeters, number of branches on the main stem of the tassel (NB), in units, thousand grain weight (TGW) measured by manual count of eight repetitions of 100 seeds, in grams and grain yield (GY), accomplished by manual harvesting of all experimental units and expanded to Kg ha -1 . The data were submitted to individual variance analysis to verify the homogeneity of variances. Then, it was carried out joint analysis of variance to verify the significance of all sources of variation. Subsequently, the joint partial diallel analysis was performed, where, having interaction for combinatorial x environmental capacity, estimates were disrupted by environment, in the absence of interaction, estimates were snared by the average of environments. The analyzes were developed in the computer program Genes (Cruz, 2013) .
For the diallel analysis, it was followed by the model IV of Griffing (1956) , adapted by Geraldi and Miranda-Filho (1988) for partial diallel, involving two groups of parents. For the joint diallel study, it was followed the statistical model, where;
RESULTS AND DISCUSSION
Analysis of variance showed significant effects by F test for DFL character for the hybrid and hybrid x environment variation sources, the TL character revealed significance for environment and hybrid x environment. The characters DLN, NB, TGW and GY showed significance for all variation sources of hybrid, environment and hybrid x environment, respectively. In all traits evaluated, the F test showed significance for hybrid x environment interaction. The presence of significance for interaction is often, due to the narrow genetic base of simple hybrids (Pinto et al., 2007; Oliboni et al., 2013) .
The joint diallel analysis showed significance for the source of variation of crossing for the characters tassel and yield. In the dismemberment of the source of variation, crossing, general combining ability (GCA I and II) and specific combining ability (SCA), it were found significant effects for all combining abilities (Table 1 ). This characteristic indicates that the set of lineages contribute differently to the crossings in which they are involved and also that the performance of hybrids differed to the expected based on the effects of the general capacity of parents (Oliboni et al., 2013) . The group II of lineages showed the highest estimates of GCA mean squares for the characters tassel and grain yield, indicating that there was a predominance of additive gene effects in all lineages of group II, being their estimates higher than the group I of lineages and the SCA estimates (Table 1) . Estimates of the mean squares of SCA were higher than the GCA of the group I of lineages, indicating that the non-additive effects are most important for the variation in this set of hybrids, similar to the results of Machado et al. (2009) . In addition, the significant effects of specific combining ability (SCA) reported that there were different degrees of complementarity between the two heterotic groups for the assessed traits (Pinto et al., 2007) .
The joint diallel analysis reveals significant interaction effects for GCA II x environments for distance of the flag leaf to the first branch of the tassel (DFL), TGW and yield, this effect contributes to the results of Rodrigues et al. (2009) , which state that the significance of the interaction indicates that the lineages contribute differently in the expression of the characters in distinct environments. The number of tassel branches, distance from the last node to the first branch and the length of the tassel do not interfere with the environment for both Tables 3 and 4 . *DLN: distance from the last node to the first branch of the tassel, TL: tassel length, NB: number of branches and for the group I to the characters distance from the flag leaf to the first branch of the tassel (DFL), thousand grain weight (TGW) and grain yield (GY).
heterotic Groups I and II, which gives opportunity to interpretations in a single environment. The SCA x E interaction revealed no significant effects for the characters tassel and yield, in this way there is no need to explore specific combinations for each location (Oliboni et al., 2013) . With respect to the estimates of general ability (Group I) for the characters distance from the flag leaf to the first branch of the tassel (DFL) and distance from the last node to the first branch of the tassel (DLN), the lines 2, 7, 8, 9, 10, 11, 12 and 14 have negative estimates (Table  2) . Thus, the intersections of these lines would contribute to reduction of these tassel characters, according to Sangoi et al. (2002) , minor amounts of nutrients and photoassimilates would be required by the hybrids, and besides, it would reduce the production of auxin, resulting in reducing the inhibitory effect on the growth and development of the female structure.
Regarding the assessment of the effects of GCA (Group I) for the tassel length (TL), the lines 12 and 2 had negative estimates (Table 2) , which are favorable from an agricultural point of view. On the other hand, lines 1, 3, 4, 5, 6, 13 and 15 showed positive magnitude, indicating the presence of additive alleles for expression of longer length of tassel, a characteristic that is little desired in the production of simple hybrids due to the higher energy demand by the reproductive structure, and because the apical meristem has priority on the partition of photoassimilates, thus, crossings that result in hybrids with smaller tassel are sought (Sangoi et al., 2006) .
In the evaluation of the effects of GCA (Group I) to the number of tassel branches (NB), the lines 2, 7, 8, 9, 10, 11, 12 and 14 had negative estimates (Table 2) , a factor which enables use in breeding for the production of simple hybrids with fewer branches. According to Neto et al. (1997) , this character has taken attention of breeders in breeding programs, showing that the reduced size of the tassel is favorable for the increase of grain production, mainly to the adverse conditions of stress. The current hybrids have already suffered major reductions in the number of tassel branches, which is directly related to lower production of pollen per area. According to Westgate et al. (2003) , the hybrids can further reduce the pollen production by tassel, providing more energy to the cob and boosted grain yield.
For Group II, lines 1, 2, 5, 6, 7 and 8 have negative estimates for the number of branches. Edwards (2011) reports that the selection for reducing the number of branches, the lower leaf angle and synchrony between male and female flowering, contribute to the increase in grain yield. In the same context, Câmara et al. (2007) reported that the breeding programs for tolerance to abiotic stresses regard for character selection purposes as the number of branches, the period between the male and female flowering, prolificacy and delayed senescence of leaves (stay green).
With respect to thousand grain weight (TGW), lines 1, 3, 4, 5, 6, 13 and 15 (Group I) showed positive effects of GCA (Table 2) , being the magnitude of the lines 4 (56.637) and 15 (102.175) highlighted among the others, which leads to increased TGW and, consequently, grain yield, because of the close relationship between the two characters, where, getting favorable magnitudes for one of the characters, possibly the magnitudes will be favorable to the other character (Lopes et al., 2007; Khayatnezhad et al., 2010) . In the grain yield analysis (Group I), lines 1, 3, 4, 5, 6, 13 and 15 showed favorable assumptions for the trait (Table 2) . It may be emphasized that the same lines that showed positive effects on the increase in the TGW showed it for the grain yield.
In assessing the DFL to the lines of group II, in relation to the five environments (Table 3) , with the exception of lines 3 and 4, all other have shown negative effects, being lines 2, 6, 7 and 8 with more pronounced negative effects for all environments, which contributes to lower DFL, characteristic that is desired in the generation of progenies.
Regarding TGW characters and yield (Group II), estimates of CGA of lines 3 and 4 are positive for both characters. The crossing of these lines with the lines of the 4 and 15 of group I would add frequencies favorable for greater mass and grain yield, but to do so, the analysis of the specific interactions of the SAC is required to verify the complementarity of the genetic effects that are acting.
WIth respect to the SAC (si) for the tassel length (Table  4) , the promising specific combinations for reduction in tassel size, are between the pairs 1-3, 2-4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 11-4, 12-4, 14-3 and 15-4, since the estimates si are high and negative, and the lines 10 and 12 (Group I) also showed negative effects for GCA. Negative estimates should be observed due to the fact that modern hybrids, developed with high grain yield, present smaller tassel, thus reducing the effect of apical dominance in stress conditions, which favors the best grain filling (Sangoi et al., 2006) .
As to the evaluation of the SAC for the distance of the flag leaf to the insertion of the first branch of the tassel (Table 4) , promising specific crossings to reduce the character are among the lines 1-3, 2-4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 10-4, 11-4, 12-4, 14-3, 15-1 and 15-4, for having negative estimates of si. The lines 2, 7, 8, 9, 10, 11 and 12 (Group I) also revealed adverse effects for gi. Combinations of si are far superior to the effects of gi, predicting the predominance of genes of non-additive effect on the character of expression. The other pairs of specific crosses had low values and close to those observed for gi, which refers to hybrids presenting the performance as expected in the gi, (Cruz et al., 2012) .
With respect to SAC estimates for the distance of the last node to the first branch of the tassel (DLN), the promising crossings are between the pairs of lines 1-3, 2-4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 10-4, 11-4, 12-4, 14-3, 15-1 and 15-4 (Table 4) . In group II, the lines 3 and 4 showed favorable combinations with a greater number of lineages. The magnitude of the estimates si are again above the gi estimates, pointing out that the non-additive gene effects are more pronounced.
Regarding the number of branches (NB) to the estimates of the SAC, the most promising crossings to obtain hybrids with fewer branches are revealed between the pairs of lines 1-3, 2-4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 10-4, 11-4, 12-4, 14-3 and 15-4 (Table 5) , it should also be considered that lines 2, 7, 8, 9, 10, 11, 12, and 15 (Group I) have negative effects for the GCA. Based on the superiority of estimates si over gi, it is assumed that non-additive gene actions occur in controlling the number of branches in the tassel.
For the component of thousand grain weight (TGW) yield, promising crosses are for the pairs of lines 1-1, 1-4, 2-3, 3-3, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-3, 6-4, 7-4, 8-4, 9-4, 10-5, 11-3, 12-3, 13-3, 13-4, 14-4, 15-2, 15-5 and 15-8 (Table 5) , being its estimates positive and also considering the effects of GCA (Group I) of the lines 15 and 4 with the highest positive estimates. Comparison with estimates gi indicate superiority of the estimates si with non-additive effects in the character control. The lines 3 and 4 used as a parent are responsible for most of the positive effects to increase TGW for demonstrating combining ability with a large number of lineages of group I. Lineages that present these magnitudes of combining ability are important for genetic breeding programs of hybrids, in which are high the specific complementarity actions with ample heterotic group.
With regard to the estimates of specific combining ability for grain yield (GY), promising specific crossings for increasing yield are among the combinations 1-1, 1-4, 2-2, 2-3, 2-6, 2-7, 2-8, 3-1, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-3, 6-4, 7-2, 7-4, 7-6, 7-7, 7-8, 8-2, 8-4, 8-6, 8-7, 8-8, 9-2, 9-4, 9-6, 9-7, 9-8, 10-2, 10-5, 10-6, 10-7, 10-8, 11-2, 11-3, 11-6, 11-7, 11-8, 12-2, 12-3, 12-6, 12-7, 12-8, 13-3, 13-4, 14-2, 14-4, 14-6, 14-7, 14-8, 15-2, 15-3, 15-5 and 15-8, in which are assigned the crossings 1-1, 1-4, 2-3, 3-1, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-3, 6-4, 7-4, 8-4, 9-4, 10-5, 11-3, 12-3, 14-4, 15-2, 15-5 and 15-8 as the most promising in the exploration of dominance effects. The most pronounced SAC estimates indicate that parents may generate hybrids with higher heterosis (Oliboni et al., 2013) , 14 DFL: distance from the flag leaf to the first branch of the tassel, TGW: thousand grain weight and GY: grain yield. *Results of the interaction for general combining ability for the length of the flag leaf to the first branch of the tassel of group II of lines, in the five environments. **Results of the interaction for general combining ability for the thousand grain weight of group II of lines, in the five environments. ***Results of the interaction for general combining ability for grain yield in group II of lines, in the five environments.
being SAC manifested by virtue of the non-additive effects and differences in allelic frequencies of the parents for the loci involved in character expression (Valério et al., 2009; Hallauer et al., 2010) . The lines 4 and 15, as female parents, and 3 and 4, as male parentes, have shown favorable estimates and combining ability with a larger number of lines of the other heterotic group. The female parents 4 and 15 and the male parents 3 and 4 presented high estimates for both general capacity and for specific capacity combination.
Conclusions
The additive effects were more important for the Group II TL: tassel length, DFL: distance from the flag leaf to the insertion of the first branch of the tassel and DLN: distance from the last node to the insertion of the first branch of the tassel. of lines, for group I of lines, the non-additive effects were more important in the range of all characters. The improvement of hybrids for lower tassel size can be performed simultaneously, since the estimates of general combining ability remain constant in the lines of the two heterotic groups for all characters of the tassel. For the characters tassel lenght, distance from the last node and of the flag leaf to the first branch of the tassel, promising crosses are 1-3, 2-4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 10-4, 11-4, 12-4, 14-3 and 15-4 . The promising crosses to increase yield are 1-1, 1-4, 2-3, 3-1, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-3, 6-4, 7-4, 8-4, 9-4, 10-5, 11-3, 12-3, 14-4, 15-2, 15-5 and 15-8 . Among the most promising crosses to SAC, at least two parents have high GCA.
